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A b s t r a c t
In  this paper,  the problem of  corrosion  in  structural  elements made of materials which are  considered as  corrosion  resistant  is discussed. 
The paper presents an analysis of the reasons for corrosion damage to structural elements used in civil engineering. The main aim of the work 
was  to  identify  the potential causes of corrosion and to formulate recommendations  that allow the selection of  the best structural material 
properties in order to counteract the negative impact of the corrosive environment. For this purpose, stainless steel ventilation duct corrosion 






recommendations  in order  to avoid  this  type of corrosion are formulated. The presented analyses can be a valuable source of  information 
on corrosion and protection methods in specific cases of building structures.
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steels  cover  a  wide  range  of  steel  types  and  grades  which  characterise  high  resistance 




and temperature on  the physical properties of austenitic stainless steel  is presented  in [2]. 
The  present  paper  discusses  the  temperature  influence  on mechanical  properties,  such  as 
tensile strength, fatigue and creep. Mechanisms to strengthen the austenitic stainless steels 




in  various  corrosive  environments  is  reviewed  in  [12].  Ningshen  and  Kamachi  Mudali 
discussed  the  application  of  existing  and  advanced  austenitic  alloys  for  various  chemical 
media  and  the  various  testing  techniques  employed  for  assessing  uniform  corrosion. 
The pitting corrosion of austenitic stainless steels is studied in [7],  this takes into account 











pool  equipment  or main  structural  element collapse.  It  was  found  that  usually, collapses 
are  caused  by  stress  corrosion  cracking  (SCC)  of  stainless  steel  load  bearing  elements 
subjected to tensile stress. According the European Standard recommendations [15], several 
austenitic steels are suitable for many applications in indoor and outdoor swimming-pools. 









steels  [3].  Corrosion  resistance  is  one  of  the  most  important  features  of  aluminium  [8]. 
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However,  aluminium  may  corrode  in  some  cases.  The  problem  of  aluminium  corrosion 
is widely discussed in [9]; the author pointed out that aluminium is resistant to atmospheric 
corrosion  thanks  to  inert  aluminium  oxide  film  being  insoluble  in water  and  this  blocks 
further oxidation. Corrosion resistance of aluminium depends on chemical composition, the 
fabrication  process,  heat  treatment  and  the  stress  field. What  is  important  is  that  usually, 
corrosion  does  not  reduces  the  safety  of  aluminium  structures,  but  only  decreases  the 
aesthetics  of  the  structures. Mazzolani  in  [12]  presented  the  influence  of  alloy  additions 
to  pure  aluminium  on  corrosion  resistance  and  proposed  systems which may  protect  the 
surface of the metal. He described types of corrosion of aluminium (surface, concentrated, 
intergranular,  lamellar,  stress,  and  corrosion  by  contact)  and  he  particularly  focused 
on  corrosion  of  aluminium  in  contact  with  steel.  He  also  pointed  out  that  the  contact 
aluminium with a humid and corrosive environment should be limited. Aluminium should 
be  separated  from  concrete, mortar,  timber  and  bricks. A similar  suggestion  is  presented 
in [11]. He suggested coating aluminium with bitumen to separate it from concrete. In his 
opinion,  the  pure  aluminium  exhibited  the  highest  corrosion  resistance.  Aluminium  is 
dissolved  by  fluorine,  sodium  hydroxide  and  potassium  hydroxide.  Hydrochloric  acid, 
copper and bromo are very corrosive for aluminium. Aluminium corrodes in seawater, sea 





[6]  and  checking  the possibility  of  corrosion using  the Pourbaix diagram  [17]. Siwowski 
described an example of corrosion of aluminium in contact with steel in an aluminium bridge 
deck  [19]. The aluminium bridge deck corroded because of contact  aluminium with  steel 
rivets.





















in mind  that  this  corrosion  is  present  in members  subjected  to  tensile  stress,  as  a  results 
of  external  load action or  in  the  form of  residual  stresses due  to welding,  cold  rolling or 
deep forming.
Another  type  of  corrosion  detected  in  the  analysed  vent  ducts was  crevice  corrosion. 
This type of corrosion appears when the pH reaches a critical value called the ‘depassivation 






deposits.  Crevice  corrosion  associated  with  the  presence  of  gaps  within  a  connection 
is presented in Fig. 2b.
2.2.  Analysis of the chemical composition
Analysis  of  chemical  composition  of material  and  corrosion  products was  performed 
based on  results  supplied by  the contractor. The chemical composition was conducted by 
the gravimetric method (Table 1).
T a b l e  1


















Cr and Ni  is placed  in  the  lower  limits of  the  range  referred  to  in [14], while  the carbon 
content reaches an upper limit. As is well known, a low content of Cr and Ni can influence 
the reduction in corrosion resistance. Furthermore, in environments containing spray steam 




T a b l e  2
Chemical composition of corrosion products [18]
Chemical 
element [%]
O Al Si Cl Ca Cr Fe Ni K Mn
place 1 18.14 1.23 3.22 24.09 5.26 4.49 29.55 14.04 ‒ ‒
place 2 22.07 4.89 12.68 34.65 6.41 1.76 6.62 10.30 0.63 ‒
place 3 16.25 0.24 0.44 20.25 4.56 9.43 27.92 17.55 ‒ 3.37
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3. Corrosion of aluminium in aluminium and concrete composite structures
In the second part of the paper, corrosion of aluminium in contact with steel in aluminium 
and  concrete  composite  structures  is  analysed.  Electromechanical  corrosion  occurs when 
aluminium is in contact with another metal with a liquid between two metals and a voltaic 







Aluminium  and  concrete  structures  are  a  type of  composite  structures which  consists 
of an aluminium beam, a concrete slab, steel sheeting and connectors [16] (Fig. 4).
Fig.  3.  Insulating steel from aluminium
Fig.  4.  An aluminium and concrete composite beam
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A  connection  an  aluminium  beam  with  a  concrete  slab  using  special  connectors 
is  a  quite  new  solution.  Aluminium  and  concrete  structures  may  be  used  in  durable 






















austenitic  steels  alloyed,  1.4439/X2CrNiMoN17-13-5  or  1.4539/X1NiCrMoCu25-20-5, 









In  the  case of  aluminium,  it was proposed  that  it  is  one of  the best materials  used  in 
building  construction  in  terms of  corrosion  resistance. However,  as with  stainless  steel  it 
may  corrode when  it  is  used  incorrectly.  Corrosion  does  not  usually  decrease  the  safety 
of  aluminium  structures,  but  only  damage  the  aesthetics  of  the  structures. What  is more, 
corrosion intensity may decrease rapidly after two years. Aluminium and concrete structures 
are a fairly new structural solution. They may be used in durable structures and they should 
be  corrosion  resistant.  Therefore,  designers  should  keep  in  mind  that  aluminium  may 
corrode in contact with steel, because aluminium has a lower voltage than steel. Steel shear 
connectors in aluminium and concrete composite structures should be galvanised to avoid 
the  corrosion  of  aluminium  in  contact with  steel. When  steel  sheeting  is  not  galvanised, 
an insulating material should be applied i.e. elastomeric tape between the aluminium flange 
and the steel sheeting.
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